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Abstract- Sandwich Composite structures have been widely used in the fields of aircrafts. Investigations of the mechanical 
properties of sandwich composite structures play a vital role in deciding their applicability in various engineering fields. The 
objectives of this work are fabricating the sandwich composite structures with honeycomb/woven glass fabric using Vacuum 
Assisted Resin Transfer Molding. In order to evaluate the internal and external damage resulting under (three point bending, 
compression, tensile loading) tests using product computerized universal testing machine. The load-displacement curves 
were obtained to characterize the failure mechanisms of sandwich composite structures. The failure modes were studied, it 
was observed that in the start matrix crack after that delimitation between two layers, finally the final failure occurred when 
the face sheet failure. 
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I. INTRODUCTION 
 
Composite materials offer increased amounts of 
design flexibility. For example, the coefficient of 
thermal expansion of composite structures is much 
lower than for metals. This provides good 
dimensional stability in composite structures. Hence, 
net-shape or near-net-shape parts can be produced 
with composite materials. This feature eliminates 
several machining operations and thus reduces 
process cycle time and cost. Composite materials 
provide capabilities for part integration as well. 
Several metallic components can be replaced by a 
single composite component. Fabrication of complex 
parts with certain appearance, and special contours, 
which are sometimes not possible with metals, is 
possible using composite materials [1-3]. 
Sandwich composite made by sandwiching two layers 
of strong outer sheets, called skin, around a less dense 
layer part, the core. The skins can be made of fiber-
reinforced composites, such as glass, or carbon fiber 
reinforced laminates. The core is usually less stiff, 
has lower strength, and weightless. Some of the 
commonly used core materials are wood, honeycomb, 
truss, corrugated structures; open and closed cell 
foams [4]. 
 
The use of composites in aircraft is increasing 
rapidly, especially in military aircraft, where the pay-
off is the greatest. In commercial aircraft, the 
acceptance of composites as primary structures have 
been slower, but now is increasing rapidly. The 
composite components used in the aircraft are mainly, 
horizontal and vertical stabilizers, wing skins, fin 
boxes, flaps, and various other structural components, 
spacecraft, where the weight is of the greatest 
importance, the composites are accepted as primary 
materials [5]. 

 
The Radom serves as a protective dome for the radar 
antenna and has been adapted to the aerodynamics of 
the fuselage nose. It is of laminated sandwich 
construction. The core thickness of honeycomb is 
usually between 8-10 mm. Damage Details the main 
in-service defect experienced in the industry on 
Radom is delamination of inner/outer skin [6] In 
order to design the engineering constructions using 
these materials and further use them in different 
engineering applications the knowledge of their 
mechanical behavior is required. Several studies were 
performed in order to identify specific states of 
sandwich composites under various loading 
conditions. In particular, He and Hu [7] presented 
theoretical analysis with experimental verification of 
all-steel honeycomb core sandwich subjected to 
three-point bending, while the authors of [8] 
investigated a behavior of Nomex honeycomb 
sandwich composites under four-point bending 
numerically and experimentally with analysis of 
fracture. Numerical identification of effective 
material properties of honeycomb core sandwich 
composites with additional foam filling were 
performed by the authors of [9]. Di Bella et al. [10] 
studied the influence of manufacturing procedure on 
properties of foam-based core sandwich composites 
with extended analysis of stiffness and fracture 
mechanisms under three-point bending test. Due to 
the specific structure of these materials their static 
behavior may differ significantly from the 
homogeneous materials [11,12] and even static 
behavior is highly nonlinear [13]. Similarly, the 
nonlinearities were observed during compression 
tests [14] and three-point bending tests [15] of 
Nomex based honeycomb core sandwich composites. 
Nettles and Hodge [16] observed that for glass-
phenolic honeycomb phenolic cores, at very low 
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energy levels a type of cores buckling takes place 
under the impact point. 
 
This study has investigated the mechanical properties 
of the constituent materials of a novel structural 
composite sandwich panel developed for structural 
applications. Properly designed and carefully 
conducted experiments using coupon specimens 
following ASTM test standards were performed to 
characterize the flexural, tensile, compressive and 
shear properties of the fiber composite skins and the 
modified phenolic core of the composite sandwich 
structure. 
 
II. EXPERIMENTAL  
 
2.1. Materials and Fabrication Process 
Skin Materials:  
The skin used in this article consists of glass-
fabric/epoxy of WSR-618 with high specific strength 
and stiffness. The fabric areal weight was 195 g/m2. 
The glass fabric properties are shown in Table 1. The 
upper and lower skins consist of two plies each with a 
different stacking sequence. One of the most 
advantageous properties of epoxies is their low 
shrinkage during cure which minimizes fabric 'print-
through' and internal stresses. High adhesive strength 
and high mechanical properties are also enhanced by 
high electrical insulation and good chemical 
resistance. The epoxy properties are shown in Table 
2. 
 
Honeycomb materials:  
The geometry of honeycomb structures can vary 
widely but the common feature of all such structures 
is an array of hollow cells formed between thin 
vertical walls. The cells are often columnar and 
hexagonal in shape. A honeycomb shaped structure 
shown in Fig.1 provides a material with minimal 
density and relative high out-of-plane compression 
properties and out-of-plane shear properties. The 
honeycomb properties are shown in Table 3 
 
2.2. Fabrication Process: 
Fabricating the honeycomb/glass fabric sandwich 
composites, the skin was laminated over the core 
material by vacuum assisted resin transfer molding 
followed by drying of the sample in room 
temperature as shown in Fig.2. The vacuum was 
applied in order to ensure a good bonding between 
the overall layers of the composite and for uniform 
distribution of the resin in the sample. Release paper 
was used on the top and bottom surface to improve 
the surface and no matrix shrinking was observed on 
both surfaces of the samples. The overall dimensions 
of the sandwich panel are 450×250mm with 9.30 mm 
thickness. The face sheets were bonded to the core 
with an epoxy resin adhesive 
 
 

Table 1: Specifications of S-glass fabric 

 
 

Table 2 : Specifications of epoxy resin 

 
 

 
Fig.1. Honeycomb structure 
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Table 3 : Specifications of Honeycomb 

 
 

 
Fig .2. Vacuum processing 

 
2.2. Mechanical Testing:  
Compression Tests: A compression test is a method 
for determining the behavior of materials under a 
compressive load. Compression tests were conducted 
by loading the test specimen between two plates, and 
then applying a force to the specimen by moving the 
crossheads together. During the test, the specimen 
was compressed, and deformation versus the applied 
load was recorded. The compression test was used to 
determine elastic limit, yield strength, and (for some 
materials) compressive strength. The static 
compressive response of the sandwich fiber test 
specimens were measured in WDW-100 testing 
machine as shown in Fig .3. 
 
Three point bending Test: The bending specimens 
were prepared as per the ASTM D 1037-06 standards 
the dimensions of these test specimens 250 x 35 x 9.3 
mm and the distance between the two supports (span 
length) 200 mm. The applied velocity V=10 mm/min 
and the maximum applied load 100 kN. The 3-point 
bending test is the most common bending test for 
composite materials. Specimen deflection was 
measured by the cross head position. Test results 
include bending strength and displacement. The 
specimen used for conducting the bending test was 
presented in Fig.4. The tests were carried out at a 
condition of 26 ± 2 0 C and an average relative 
humidity of 43%  
 
Tensile test: The tensile test specimen was prepared 
according to the ASTM D1037-06 standard. The 
dimensions, gauge length and cross-head speeds were 

chosen according to the ASTM D1037-06 standard. A 
tensile test involves mounting the specimen in a 
machine and subjecting it to the tension. The testing 
process involves placing the test specimen in the 
testing machine as in Fig.5 and applying tension to it 
until fractures. The tensile force was recorded as a 
function of the increase in gauge length. During the 
application of tension, the elongation of the gauge 
section was recorded against the applied force. The 
experiments were repeated for several times and the 
average value was used for discussion.  
 

 
Fig.Error! No text of specified style in document.. Specimens 

under Compression test 
 

 
Fig.Error! No text of specified style in document.. Specimens 

under three point bending test 
 

 
Fig.5. Specimens under tensile test 
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III. RESULTS AND DISCUSSION 
 
The use of composite materials in the different fields 
is increasing day by day due to their improved 
properties. Engineers and Scientists are working 
together for number of years for finding the 
alternative solution for the high solution materials. In 
the present study are added honeycomb to glass fabric 
composite materials and their effect on mechanical 
properties is evaluated and their properties are 
compared 
 
3.1. Compression Behaviors: 
The Compression test was performed in order to 
obtain load-displacement curves as shown in Fig.6. 
For all the specimens the curves shown linear in 
appearance can explain the elastic deformation of the 
sandwich composites. There is a sudden drop in the 
load as the load reaches the peak load value, which 
clearly suggested the honeycomb core cracking 
earlier due to the load transferred to the core. And 
this load was more than honeycomb core strength 
compare to the skin materials. Since core materials 
generally have lower mechanical properties than 
skins (due to their lower density), those affected the 
damage initiation characteristics and the local 
indentation behavior of the sandwich panels. This led 
to the core failure before the face sheet. 
 
3.2. Bending Behaviors:  
Fig.7 shows the curves of bending strength for 
glass/honeycomb sandwich composites. The result 
indicated that the displacement increases with the 
increase of applied load up to around 0.3 kN, after 
that, it tends to decrease, i.e., breaking takes place. 
The maximum displacement observed was 6.75 mm.. 
These curves were used to determine the behavior of 
the failure modes of sandwich structures with glass 
fabric face sheets. The curves obtained in the bending 
were similar in nature for all specimens. The curves 
linear in appearance; can explain the elastic 
deformation of the sandwich composites. This sudden 
drop suggested the honeycomb cracking. After the 
crack is initiated in tensile side, it propagates to the 
compressive side within the core in all specimens 
before the final failure occurs. After the load drop, 
the specimen continued to sustain the load but never 
exceeded the previous peak load as only the fiber 
composite skins were carrying the load, which was 
reflected in the load-displacement curves. In this 
region, plateau region was observed until reaching the 
final failure. The final failure occurs when the upper 
skins crush due to compressive failure or in some 
case the skin and the foam debonding occur due to 
core shear failure. 
 

 
Fig.6. Load-Displacements curves for compression test 

 

 
Fig.7.  Load-Displacements curves for bending test 

 
3.3. Tensile Behavior:  
The tensile test was performed in order to obtain 
load-displacement curves for all the specimens as in 
Fig.8. The load-displacement curves were showing 
same tendency, exhibiting a linear increase, with a 
small deformation. This behavior was attributed to 
the condition when the applying tension was 
contacted with the specimen, initiating delimitation in 
the face sheet occur. There is a sudden drop in the 
load as the load reaches the peak load value, which 
clearly indicates the damage of the face Sheets. The 
glass fiber composite skins behaved linearly elastic 
up to failure in both tension and compression with the 
tensile strength much higher than the compressive 
strength. 

 
Fig.8. Load-Displacements curves for bending test 

 
3.4 Failure Modes: 
The failure mode of sandwich structure materials 
tested under static conditions (compression, bending, 
tensile) can be summarized as tensile failure, 
compressive failure followed by the cracking of the 
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core material. The experimental investigation showed 
that under static loading, the composite sandwich 
failed with sudden brittle type failure due to shear 
failure of the core and compressive failure of the 
skins followed by debonding between the skin and 
the core. 
 
Comparing the failure modes of the sandwich 
structure materials tested under static conditions 
(compression, bending, tensile) as shown in 
Fig.9,10,11.The compression test observed that the 
honeycomb core was cracking and the glass fiber still 
without damage. Since core materials generally have 
lower mechanical properties than skins. The bending 
failure shows the single crack generation in the glass 
honeycomb sandwich composites. The crack initiated 
close to the central neutral axis on the tensile side and 
has been propagated to the compressive side. During 
this process of crack propagation, debonding between 
the core and bottom skin was also observed before 
skin failure. However, the final failure occurs when 
the upper skin crashed and the bottom skin-core 
suffers debonding.  The damage in the face sheets 
subjected to tensile test can be classified into matrix 
cracking and delimitation, with fiber breakage.  
 

 
Fig.9. The damage behavior of compression 

 

 
Fig.10. The damage behavior in bending test 

 

 
Fig.11. The damage behavior of tensile test 

 
CONCLUSIONS 
 
This study investigated the quasi–static properties of 
honeycomb sandwich composite with glass 
fabric/epoxy facesheets. The face sheets were 
fabricated by using vacuum assisted resin transfer 
molding. Static tests were carried out on sandwich 
composites .Three samples of each set were tested 
under quasi-static. The major conclusions are as 
follows:  

1. For the static test it was found that cracks initiate 
from the tensile side and propagate to the 
compressive side within the core in all sandwich 
structure specimens .The final failure occurs 
when the upper skin crashed and the skin 
honeycomb faced debonding.  

2. The experimental investigation showed that 
under static loading, the composite sandwich 
failed with sudden brittle type failure due to 
shear failure of the core and compressive failure 
of the skins followed by debonding between the 
skin and the core. 

3. The tensile had the highest peak load than other 
structures in the static test; the static bending had 
the lower peak load. 

4. Continue to know more about mechanical 
properties of the skin materials using different 
stacking sequence and study all factors which 
affect the skin material.  

5. Be careful about conditions for manufacturing 
sandwich composite and about the degree of the 
temperature, uniform distribution of the resin in 
the sample and the bonding between the overall 
layers of the composite, because every step in the 
manufacturing process affects the final 
mechanical properties of the composite structure.  
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